IntroDuCtIon
The conservation of genetic resources of some forest tree species, particularly the endangered ones, should have high priority in any large-scale programme of forest ecosystem management. The European black poplar (Populus nigra L.) is a species growing on alluvial soils along large rivers in the temperate zones in Europe, Asia and Northern Africa [1] . In the territory of the Republic of Croatia, the European black poplar grows in riparian floodplain forests along rivers Mura, Sava, Drava and the Danube. Its presence in the total forest area of Croatia is small, yet their universal role is significant. Because of continuous human activities in the European black poplar's natural habitats, its range has been reduced to individual, partly separated areas only, although for the European conditions the habitats are very well preserved riparian forests [2] . The overall length of rivers and creeks in Bosnia and Herzegovina is around 11000 km, but the habitats of European black poplar are limited only to the valleys of bigger rivers, such as Drina, Bosna, Una, Sana and Neretva with the total length of 1200 km [3] . In Herzegovina, along the River Neretva, a special subspecies of black poplar can be found, known as the hairy poplar (P. nigra subsp. caudina), which is characterised by distinctly hairy shoots and leaves [4] . Hairiness retains on one-year and two-year-old shoots and partially on older shoots as well. Apart from the leaves and shoots, the petioles of inflorescence and fruits are also permanently hairy. So far, these poplars have been recorded in two more southern Balkan areas, in southern Macedonia and in Thessaly in central Greece, while some populations from Albania and Turkey have also attributed to this taxon [5] [6] [7] . The studied population of the hairy type of black poplar is found in the Submediterranean type of climate. This climate is characterised by mild winters and dry summers. The value of gene conservation in these populations may be crucial for the whole species with regard to the trends of climate changes [8] [9] [10] [11] . The survival of the European black poplar, as an autochthonous species, has been endangered also by the cultivation of superior hybrids of Euroamerican poplars (P. × canadensis) and Eastern Cottonwood (P. deltoides) clones within the area of its natural range. Some of these imported clones were female and their flowering was synchronized with the European black poplar. Crossing between these various poplar species is possible and the question is whether in the European black poplar juvenile populations there is the introgression of the Eastern Cottonwood genes or the Euroamerican hybrid genes [12] [13] [14] . The genetic resources of the European black poplar are also threaten by a non-planned land use along the rivers, the regulation of river flows, gravel pits, dumps, and the lack of legislative regulations.
In this study the intention is, apart from hairiness, to find out which dissimilarities can be found in other morphological traits of the leaves of the typical and hairy black poplar, as well as between the populations and the rivers' systems. It also examines the importance of the hairy type of the European black poplar concerning conservation and the breeding of poplars with regard to the increasing effect of climate changes [15] .
MaterIals anD MethoDs
The samples for leaf morphometric analysis were collected in 17 natural populations of the European black poplar in the area of Croatia and Bosnia and Herzegovina (Figure 1 ). In Croatia, the investigations were conducted among five populations along the basin of the River Drava (Žirovnjak, Tršćana, Bobrovac, Šućurica and Topolje) and three populations along the River Sava (Jarun, Zaprešić 1, Zaprešić 2) from 5 to 15 years old. In Bosnia and Herzegovina the samples were collected in nine populations from four rivers: one population was along the River Drina (Tegare), two populations were collected along the River Vrbas and the River Bosna (Zlavast, Banja Luka, Bilješevo, Doboj) and four populations were sampled along the River Neretva (Ovčari, Počitelj, Čapljina, Metković), all being at the age up to mature trees (30 years Table 1) . The fully developed, undamaged European black poplar leaves have been investigated [16] . Within one tree the leaf dimorphism and the seasonal heterophylly in poplars was also found [17, 18] . The leaves were taken only from short shoots only in the central part of tree crown, which proved to give a more reliable description of the studied morphological properties than the leaves from the long shoots [19] [20] [21] .
The measurements of the following morphological parameters have been taken: leaf blade length (LBL), leaf blade width (LBW), petiole length (PL), the angle between the first lower lateral vein and the midrib (α) and the distance between the leaf widest part and the leaf base (DBW), as shown in Figure 2 .
Measured morphological traits were summarized using descriptive statistical parameters, with standard algorithms using descriptive statistical analysis [22] . Data are presented following univariate statistical parameters: arithmetical mean (M), standard deviation (SD) and the coefficient of variation (CV). Statistically significant differences between the investigated objects were determined using univariate nonparametric Kruskal-Wallis analysis of variance tests (Kruskal-Wallis ANOVA).
The analysis was carried out on the entire sample in a manner that examined differences between all populations, among the groups CRO-01, CRO-02, B&H-01 and B&H-02, between the groups CRO-01 and CRO-02, groups B&H-01 and B&H-02 and between the populations on the basis of belonging to a particular river system.
According to McGarigal et al. [23] , multivariate statistical methods were used (the principal components analysis and the discriminant analysis) to show the similarities or the differences between the studied populations and groups on the basis of the measured morphological characteristics of leaves. In both analyses the arithmetic means of each population for each parameter were used. Five principal components in total were derived by principal component analysis. The first two of them were selected by Kaiser criterion (eigenvalue greater than 1) for further analysis of relations between populations [24] . When it comes to the interpretation of the results, the first two principal components are shown in the graph to determine the trend of the relationship between the populations. To determine the features that best distinguish predefined groups, a discriminant analysis was carried out. These statistical analyses were performed using the statistical program STATISTICA 8.0 [25] .
results
The results of the descriptive statistical analysis in Table 2 are shown according to the populations, and in Table 3 are listed according to the investigated groups. The results show that the Croatian population from the group CRO-01 has the highest average values for the traits such as leaf blade length (LBL), leaf blade width (LBW), the distance between the leaf widest part and the leaf base (DBW) and the petiole length (PL). On the contrary, the highest average values for the trait angle between the first lower lateral vein and the midrib (α) were peculiar to populations from the group CRO-2. The two groups of studied populations from Bosnia and Herzegovina had larger and wider leaf blades (LBL, LBW) and longer petioles (PL) that characterized populations from the inner part of Bosnia and Herzegovina (group B&H-01). Populations which were sampled in the lower course of the River Neretva (group of B&H-02), except that they had smaller leaves, also had the higher values for the angle between the first lower lateral vein and the midrib (α). Also it can be seen that the highest degree of Tables 2 and 3 . Higher variability for all measured characters for Croatian river populations was determined for the group CRO-02 (the River Sava) and in Bosnia and Herzegovina for the group B&H-02 (lower part of the River Neretva), except for the trait angle between the first lower lateral vein and the midrib (α), which shows a slightly greater degree of variability.
The differences between populations and analysed groups, as well as the differences between the populations belonging to a particular LBL -leaf blade length; LBW -leaf blade width; DBW -distance between the leaf widest part and the leaf base; PL -petiole length; α -angle between the first lower lateral vein and the midrib; M -average value; SD -standard deviation; CV -coefficient of variation (%) river system, were confirmed for all studied characteristics. Table 4 shows the results of non-parametric univariate analysis of variance (Kruskal-Wallis ANOVA). Analysed populations and groups, as well as the populations belonging to a particular river system, differ from each other with statistical significance level of 0.0001 for all the measured characters of leaves.
The results of the principal component analysis show that the cumulative variability captured for the first two PC-axes is approximately 90%, with the largest share of the first PC-axis of approximately 60% ( Table 5 ). The remaining three axes, whose eigenvalue is less than 1 in total variability, contribute to only about 10% and can be ignored. The contribution of each of the measured morphological characters to the each of the calculated PC-axis is shown in Table 6 . Figure 3 shows the relation between studied populations based on the first and second principal components. From the Table 6 we can assume that all of the original variables are positively correlated with the first principal component, regarding that from the right side of the diagram populations with larger leaves are grouped and on the left side populations with smaller leaves. The distribution of the studied populations along the second PC-axis largely bles and four groups of canonical analysis, three discriminant functions were obtained. From the means of the canonical variables it is evident that the discriminant function 1 in the fullest extent particularly distinguishes group B&H-01 from other studied groups ( Figure 4 , Table 7 ). In the Table 8 it is evident that in this differentiation largely contribute characters such as the distance between the leaf widest part and the leaf base (DBW) and petiole length (PL). Since this table contains the eigenvalue and the cumulative proportion of the explained contributes to a positive correlation for the trait angle between the first lower lateral vein and the midrib (α), and a negative correlation for the character distance between the leaf widest part and the leaf base (DBW). The discriminant analysis was used to determine which leaf morphological characters best separate the studied groups. The results of the discriminant analysis suggest that the variability between the experimental groups is significant (Wilk's λ = 0.00032; F (15, 25) = 29.336; p<0.00001). For five varia- LBL -leaf blade length; LBW -leaf blade width; DBW -distance between the leaf widest part and the leaf base; PL -petiole length; α -angle between the first lower lateral vein and the midrib variation for each discriminant function, it can be determined that the discriminant function 1 contains 68.2% of the explained variability. The discriminant function 2, which together with discriminant function 1 explains 95.9% of the variability, clearly distinguished group of B&H-02 from the other three studied populations which were sampled on the River Sava and which belong to the group CRO-02 ( Figure 4 , Table 7 ). Variables α (the angle between the first lower lateral vein and the midrib) and LBL (leaf blade length) largely contribute in the differentiation between these two groups, as it is shown in Table 8 . The third discriminant function, which explains only 4.1% of the total variability, best distinguished the two groups of Croatian population belonging to the basin of the River Drava and the River Sava (Table 7) .
DIsCussIon
Interpopulation variability and the variation between the river systems were statistically significant for all the investigated morphological traits that correspond to the previous research in the juvenile populations of the European black poplar along the River Drava and the River Sava [19, 20, 26] . Some of the morphological parameters, such as petiole length (PL), show a statistically important difference between the investigated populations, and have also been determined in previous investigations [26] . Interpopulation variability in the Danube basin was in most of morphological characters between 10 and 20% [27] . The highest contribution of variation between populations had a number of veins on the left and the right blade side. The highest contribution of variation within the populations (more than 50%) had a distance between the base of the leaf blade and the widest part [27] . This character corresponds to the results of the interpopulation differentiation in our study. The mentioned characters is under a genetic control and is less influenced by the environmental changes, so it could serve to estimate the intrapopulation and interpopulation variability, as well as to show the introgression of the genes of other poplar species in local population of the European black poplar. The morphological variation of seven leaf characters from 84 trees of eastern cottonwood (Populus deltoides Bartr. ex. Marsh. var. deltoides) from nine populations in Ontario was also studied [28] . Leaf characters showed significant variation among populations (P≤0.003) and the number of veins showed a significant correlation with the longitude (r=0.81, P<0.009) and the latitude (r=-0.69, P<0.05). None of the other leaf characters were related to latitude and longitude. The genetic diversity of ten black poplar populations along the main river systems across Slovenia and Croatia (rivers Soča, Sava, Drava and Mura) was revealed by using six microsatellite loci [29] . The results of this study indicate that the gene pool of the remaining Populus nigra populations in this territory is still well preserved. In natural populations, the introgression of the genes of Populus deltoides was very low. One of the populations along the River Drava (Suhopolje, near locality Šućurica, population Drava 4 in Table 1 and 2) was distinct from the others and clustered alone as a separate group.
The assessment of the population genetic structure of the Populus nigra L. along the rivers revealed a significant spatial genetic structure which was probably caused by a limited gene flow. This helps to explain the reduced diversity in the juveniles [30] [31] [32] .
The results of the research of the European black poplar leaf morphological variability in the natural stands along the Sava and Drava show that in the studied progeny the phenotypes resemble each other and mostly prevail among the European black poplar [19, 20, 29] with no introgression with P. deltoides or poplar hybrids. These results confirm the researches of Van den Broeck et al. [1, 34] carried out in Belgium. By studying the poplar flowering phenology in clonal archives they noted that the male poplar clone (P. nigra var. italica) and 22 clones of P. × canadensis flower earlier than the studied clones of local European black poplar (P. nigra). Based on this finding, they concluded that there is no great danger of the introgression of the American black poplar genes into the European black poplar genom, but also that the introgression of genes should not be excluded completely, having in mind that considerable variations in the poplar flowering phenology have been noticed. Leaf morphometric characters have significantly contributed in the intra-and interpopulation variability of Populus nigra populations in the basin of the River Danube [27] . The discriminative model with all characters achieved less than 60.38% of correct allocation due to a high variability of examined characters within populations. The results of morphological analysis do not entirely support the results of the molecular analysis, but they generally support the similarity among neighbouring populations and, according to this, the results provide a proper selection and the use of forest reproductive material.
Hairy subspecies of European black poplar (Populus nigra subsp. caudina) spreads in a mosaic pattern across a warm and dry area of Herzegovina along the River Neretva, while along the rivers in the region of central and mountainous Bosnian belt only individual trees are mixed with the typical black poplar. It can be assumed that the area of its current distribution range is what has been left of its former and probably much larger population [6] . The habitat of the hairy European black poplar in Herzegovina is the consequence of ecogeographical conditions and of rather historical factors and their effect on the development of flora in that area. This belief leads to the idea that the current distribution of the hairy black poplar is a result of a recent spread of the black poplar from the North (from the River Drava and the River Sava, Groups CRO-01 and CRO-02) toward the South. Individual trees of the hairy black poplar in northern and central Bosnia grow at higher altitudes, in the colder and more humid mountainous region [4] . The isolated Submediterranean populations (Group B&H-02), growing along the River Neretva, can be found at 15 m a.s.l. The average temperature during vegetation period ranges between 15.9°C and 16.9°C for populations from inner Bosnia and Herzegovina (Group B&H-01) and is 20.7°C for populations from the lower course of the River Neretva (Group B&H-02). Ecological and climate conditions along the River Neretva are completely different with characteristically long, warm and dry summers (with the average precipitation of 365 mm in vegetation period). Moreover, these conditions are characterised by a distinctive fluctuation in the water level, as well as the saturation of the pedological layer with lime-stones. We can assume that the hairy black poplar found along the River Neretva is a remnant of an earlier continuous land area, spreading from Greece to Herzegovina via Macedonia and Albania. The hairy type of black poplar (P. nigra subsp. caudina) growing along the River Neretva differs considerably from the black poplar in the riparian populations along the European rivers. This rare hairy type of P. nigra is considered to be a xeromorphic form in the Submediterranean region [15] .
In a preliminary attempt to assess the taxonomic status of P. nigra subsp. caudina ten trees from each of seven populations were studied for nuclear and chloroplast markers that have shown differences between species, subspecies, and single clones in Populus [15, [35] [36] [37] . One of the populations was a pure hairy type, three were hybrids and the others were typical spp. nigra. The results show no indication that the hairy type is a separate taxonomic unit because all the polymorphisms are the same as the ones of the European black poplars from Bosnia and Herzegovina, whether they are hairy or not. These results do not support the hypothesis of a possible tertiary relict [6] but rather they support the classification of the hairy type as a xeromorphic ecotype of the European black poplar. For the characterised strong trichome development on petiols of P. nigra subsp. caudina, candidate genes were analysed in order to understand the basis of its distinctness as well as the genetic variation [38, 39] .
There are significant differences between the typical and hairy types of European black poplar in the studied morphological traits and these differences are in accordance with the climate differences in respective habitats of continental riparian forests and Submediterranean type of climate.
